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Could nanostructure be unspeakable quantum system?
V.V. Aristov and A.V. Nikulov
Institute of Microelectronics Technology and High Purity Materials,
Russian Academy of Sciences, 142432 Chernogolovka, Moscow District, RUSSIA.
Heisenberg, Bohr and others were forced to renounce on the description of the objective reality
as the aim of physics because of the paradoxical quantum phenomena observed on the atomic level.
The contemporary quantum mechanics created on the base of their positivism point of view must
divide the world into speakable apparatus which amplifies microscopic events to macroscopic conse-
quences and unspeakable quantum system. Examination of the quantum phenomena corroborates
the confidence expressed by creators of quantum theory that the renunciation of realism should not
apply on our everyday macroscopic world. Nanostructures may be considered for the present as a
boundary of realistic description for all phenomena including the quantum one.
Introduction
The progress in physics and engineering of the XX cen-
tury made thanks to the quantum theory is immensely
impressive. But John Bell in his famous Introductory
remarks at Naples-Amalfi meeting, 1984 ”Speakable and
unspeakable in quantum mechanics” [1] stated that ”This
progress is made in spite of the fundamental obscurity in
quantum mechanics. Our theorists stride through that
obscurity unimpeded... sleepwalking?” Bell, as well as
Einstein, Schrodinger and other opponents of the Copen-
hagen interpretation, connected this fundamental obscu-
rity with the object of quantum description. The quan-
tum mechanics studied during last eighty years was cre-
ated on the base of the positivism point of view of Heisen-
berg and Bohr according to which ”any observation of
atomic phenomena should include an interaction they
with equipment used for the observation which can not
be neglected” [2], ”we had introduced an element of sub-
jectivism into the theory, as if we meant to say: what
happens depends on our way of observing it or on the fast
that we observe it” [3] and ”there is no way of describing
what happens between two consecutive observations” [3].
Arguing against the positivism point of view of Heisen-
berg, Bohr and other adherents of the Copenhagen inter-
pretation Einstein persisted that ”it must seem a mistake
to permit theoretical description to be directly dependent
upon acts of empirical assertions, as it seems to me to
be intended in Bohr’s principle of complementarity” [4].
Following to Einstein Bell has located the cardinal prob-
lem of the orthodox quantum mechanics: ”how exactly is
the world to be divided into speakable apparatus...that we
can talk about...and unspeakable quantum system that we
can not talk about?” [1].
The positivism of Heisenberg and Bohr with its neces-
sity to refer to ’apparatus’ when atomic phenomena are
discussed may be justified with the necessity to amplify
microscopic events to macroscopic consequences, which
we can observe. But we should call this necessity in
question for macroscopic phenomena including the quan-
tum one. There is no forcible reason to renounce on
macroscopic realism and used the superposition princi-
ple contradicting to it [5] on the macroscopic level. The
superposition principle was postulated for description of
phenomena and it can not be interpreted as a realistic
description without contradiction with locality principle,
as the EPR paradox [6] has revealed as far back as 1935.
The Bohr’s reply [7] on the EPR critique [6] of quantum
mechanics ”The trend of their argumentation, however,
does not seem to me adequately to meet the actual situa-
tion with which we are faced in atomic physics” witnesses
that their debate on reality applied only to atomic level.
Einstein was sure that ”in the macroscopic sphere it sim-
ply is considered certain that one must adhere to the pro-
gram of a realistic description in space and time. No one
is likely to be inclined to attempt to give up this program
within the realm of the ”macroscopic”” [4]. In accordance
to the belief of the quantum theory creators the exper-
imental evidences of the violation of realistic prediction
was observed for the present only for the atomic world,
i.e. for the level of elementary particles [8]. Thus, on
the one hand no experimental results force us to doubt
in the reality of our everyday macroscopic world but on
the other hand some phenomena observed on the atomic
level, such as the double-slit interference experiments and
experimental evidence of the EPR correlation [9] force us
to do this. Nanotechnology comes nearer to atomic level
and there is important to know where may be a bound-
ary of these phenomena. The research for this boundary
is important also because of such new developments as
quantum information, quantum computation, quantum
cryptography, and quantum teleportation [10], base on
the EPR correlation.
1. TWO-SLIT INTERFERENCE EXPERIMENT
Richard Feynman emphasized that the double-slit in-
terference experiment is at the heart of quantum mechan-
ics [11]: ”In reality, it contains the only mystery, the ba-
sic peculiarities of all of quantum mechanics”. Indeed,
this experiment demonstrates very clear both advances
and defects of universally recognized quantum formal-
ism. The wave function formalism describes very well
the interference of different particles: electrons, neutrons,
atoms and even molecules [9]. But it can not explain
2how indivisible particles manage to pass through two slits
at once or, if they do not pass, why we observe the in-
terference pattern with period P = Lλ/d corresponding
to a distance d between slits, a distance L between the
screen with double-slits and the detecting screen and a
de Broglie wavelength λ = h/p = h/mv. The de Broglie
wavelength λ = h/mv ≈ h/ga3v increases with a particle
sizes a, at the same velocity v and density g. Recently
the A. Zeilinger team [12] has observed first interference
of objects with nano-sizes, biomolecules and fullerenes
with length, up to a ≈ 3 nm, much larger than their
de Broglie wavelength λ ≈ 0.004 nm. A. Zeilinger in
the talk ”Exploring the Boundary between the Quantum
and the Classical Worlds” [13] told on an intention to
observe quantum interference viruses and possibly even
nanobacteria.
In order to observe an interference of a object the pe-
riod of the interference pattern P and distance d between
slits must be larger than the object size a: P = Lλ/d > a;
d > a. The object covers the distance L between screens
during a time L/v. Therefore the interference experiment
with a object having the size a should continue during
the time
texp >
g
h
a5 (1)
Since the density of all matters g ≈ 1000 kg/m3 in or-
der of value g/h ≈ 1036 s/m5 and during texp ≈ 1 s
the interference of a object with size a < 60 nm can be
observed. This size can not be increased considerably
since texp ∝ a5 (1). Thus, the level of nanostructures
is boundary for a possibility of the quantum interference
observation and the necessity of the superposition prin-
ciple for description of such observation.
2. EPR CORRELATION
In order to demonstrate the contradiction between the
superposition principle and local realism, EPR [6] con-
sider two particles states of which is entangled with a
conservation law. For example, in the Bohm’s version of
the EPR paradox [14] the spin states is entangled
ψ =
ψa,↑(ra)ψb,↓(rb) + ψa,↓(ra)ψb,↑(rb)√
2
(2)
with the law of angular momentum conservation. Mea-
surement of a i spin projection of the particle a must
change instantaneously the quantum state of the both
particles because of the superposition collapse
ψ = ψa,↑(ra)ψb,↓(rb) (3)
irrespective of the distance ra − rb between their.
The superposition principle is used for description of
the outcomes of spin projection experiments because of
their paradoxicality. According to the Stern-Gerlach ex-
periment made as far back as 1922 magnetic moment
M1/2 projection m1/2,i of a spin 1/2 particle seems to
equal the same value independently of the measurement
direction ~i. Bell has proposed in [15] a realistic descrip-
tion of this paradoxical phenomenon using hidden vari-
able. But he has revealed also in his famous theorem
[16] contradictions between predictions giving with the
superposition principle and any local realistic theory for
the outcomes of entangled states (2) experiments. The
experimental evidence [8] of Bell’s inequality violation
means that the EPR correlation, contradicting to the lo-
cal realistic theory, is observed. But this challenge to
realism can be applied only on a scale of the Bohr mag-
neton µB and the Planck’s constant ~.
In accordance to the Bohr’s correspondence principle a
measurement of i projection gives the ”classical” outcome
m ≈ ( ~M~i) = Mcos(ϕ) for a macroscopic | ~M | ≫ µB mag-
netic moment ~M , but no paradoxical one m1/2,i = ±µB.
One would think that the macroscopic quantum phenom-
ena, superconductivity and superfluidity, violate the cor-
respondence principle. Some authors claim on quantum
superposition of macroscopic states [5,17] of molecules
with magnetic moment M ≈ 200µB [18], ferrimagnetic
nanoparticles with M ≈ 105µB [19] and superconduct-
ing loop (SQUID) with M ≈ 1010µB [20]. But these
claims on violation of macroscopic realism [5] have no
valid experimental substantiation and are at variance
with the fundamental law of angular momentum conser-
vation and the universally recognized quantum formalism
[21]. Thus, nanostructures may be considered for the
present as a boundary between speakable and unspeak-
able quantum system.
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